The present study was conducted to investigate the effect of dietary supplementation of probiotic and drinking water (DW) supplemented with different levels of vinegar on performance, meat yields, immune responses, and small intestine histology of broiler chickens. Three hundred thirty day-old Ross 308 male broiler chicks assigned to six treatments in a completely randomised design experiment with a factorial arrangement (2 Â 3) and five replicates of 11 chicks each. The treatments included two levels of dietary probiotic supplementation (0 and 1 Â 10 10 CFU lactic acid/kg of diet) and three levels (0%, 1%, and 2%) of DW supplemented with vinegar (5% acetic acid concentration). The study lasted from 1 to 42 d. Growth performance, meat yields and lymphoid organs relative weight, humoral and cellular immune responses, and small intestine histomorphometry were measured. The average daily feed intake (ADFI) and feed conversion ratio (FCR) during 1-10 days of age significantly decreased in the birds that fed supplemented diet with probiotic and drunk supplemented water with vinegar than the birds fed and drunk free of any additive. Experimental treatments did not have a significant effect on performance during other growth periods, carcase yields, and lymphoid organs relative weight. DW supplemented with vinegar significantly increased villus height (VH), crypt depth (CD) and decreased small intestine muscular thickness (MT) and abdominal fat. Dietary supplementation of probiotic significantly improved immune response to sheep red blood cell (SRBC) inoculation. In conclusion, this study confirms beneficial effects of probiotic and vinegar on 1-10 d performance, immune and intestine health of broiler chickens.
Introduction
The gastrointestinal tract (GIT) of newly hatched chick is immature and sterile. It begins to develop functional and microbial flora when the chick starts to ingest feed. At this time, the chick is very susceptible to pathogenic microorganisms (Dehghani-Tafti and Jahanian 2015). Furthermore, under the modern systems of broiler chicken production, birds are exposed the considerable stress during their productive lifetime that increase birds' susceptibility to diseases. Continuous and long-term use of antibiotics for control diseases in poultry production may lead to the presence of these compounds in products (Samli et al. 2007; Baurhoo et al. 2009 ). Since 1997, the World Health Organisation (WHO) and the Food and Agriculture Organisation (FAO) have paid much attention to the potential risks of the addition of antibiotics stimulating growth in livestock and poultry diets. Finally, use of antibiotic in Europe was banned from 2006 (Chaves et al. 2008) . Therefore, it has become necessary to develop antibiotic alternatives by using either beneficial microorganisms (probiotics) or other ingredients that enhance microbial growth. This has led to the application of non-antibiotics substances (Yang et al. 2007) .
A probiotic defined as a live microbial feed supplement that beneficially affects the host animal by improving its intestinal microflora (Fuller 1989) . The purpose of feeding probiotics is to stabilise beneficial microbes, to prevent the accumulation of gastrointestinal harmful bacteria and subsequently, to help maintain animal health (Patterson and Burkholder 2003) . Probiotics make effective changes in the intestinal microbial population and maintain its natural microbial flora by stimulating the growth and proliferation of useful bacteria. Improvement in growth performance and feed efficiency of broiler chickens confirmed by feeding probiotics supplements (Cavazzoni et al. 1998; Zulkifli et al. 2000; Mountzouris et al. 2007; Samli et al. 2007; Murshed and Abudabos 2015; .
The short chain fatty acids (SCFA) considered as the potential alternative to antibiotics (Van Immerseel et al. 2004 ). Acetic acid is one such SCFA, which has higher bactericidal activity when the acid is un-dissociated. The bacterial cell takes up un-dissociated fatty acid, which, by ionising fatty acid inside the bacterial cell, there is a change in the intracellular pH leading to the death of bacterial (Khan and Iqbal 2016) . Organic acids added to feed for their various beneficial effects on gut function and microflora, feed preservation from microbial invasion, inhibition of pathogenic bacteria, enhancing mineral absorption, and improvement of nutrient digestibility (DehghaniTafti and Jahanian 2015) .
Since the levels of SCFA are quite low in the intestine of young chicks, so they may be the best candidates for use of acidifiers (Panda et al. 2009; ). The addition of organic acids in diet can have a beneficial effect on the performance of poultry by decreasing pathogenic bacteria. Currently, drinking water (DW) acidification is another implementation in the broiler industry used for improving performance. Subsequent studies indicated that addition of organic acid to the DW helps to reduce the level of pathogens in the water and the crop or proventriculus, to regulate gut microflora, to increase the digestion of feed and to improve growth performance (Khan and Iqbal 2016) . The use of probiotic and acidifier together are more beneficial than the use of those alone (Rodr ıguez- Lecompte et al. 2012; Agboola et al. 2015; Murshed and Abudabos 2015) . The present study was carried out to evaluate the effect of vinegar (as a native and inexpensive acidifier with easy access) combined with probiotic on broiler chickens performance, carcase yields, immunological responses and the small intestinal morphology.
Materials and methods

Birds, housing, and rearing conditions
The present study was performed in the Animal and Poultry Research Station of Ferdowsi University of Mashhad (Mashhad, Iran). The Animal Care Committee, Ferdowsi University of Mashhad, approved the experimental procedure. Three hundred thirty one-day-old male broiler chicks (Ross 308) were obtained from a commercial hatchery. The chicks were individually weighed, and were randomly distributed between 30 pens. Each pen has one square metre space and, its floor covered with wood shaving. The house initially temperature was maintained at 32 ± 2 C and gradually decreased (2.5 C every week) to reach a constant temperature of 20-22 C at 24 days of age. During the experimental period, relative humidity and light-darkness programme were kept in the 50-60% and 23:1 h of light: darkness, respectively. In the course of the experiment, the chickens had continuous access to water and feed.
Additives, diet formulation, and experimental design
Prior to formulating the experimental diets, the main feed ingredients were analysed, through Evonik-Degussa office in Tehran, Iran and the data were used to formulate the experimental diets. The probiotic used in this experiment was bacterial probiotic Lactobacillus-Bactocell (Pediococcus acidilactici MA 18/ 5M; Lallemand Animal Nutrition, Saint-Simon, France) with the number of lactic acid-producing live bacteria 1 Â 10 10 CFU/g of supplement. The vinegar used in this experiment was apple vinegar with 5% acetic acid concentration. The basal diets (Table 1) were formulated by using the UFFDA software to meet the nutritional requirements of broiler chickens as provided by nutrition specifications for Ross 308 broilers, target live weight 1.70-2.40 kg (Aviagen 2014), for different growth periods; starter (1-10 days of age), grower (11-24 days of age), and finisher (25-42 days of age). The experimental design was done with a combination of probiotic and vinegar in a 2 Â 3 factorial arrangement of a completely randomised design (CRD) experiment with six treatments and five replicates/treatment. Treatments consisted two levels (0 and 1 Â 10 10 CFU lactic acid/kg of diet) dietary supplementation of probiotic and three levels (0%, 1% and 2%) DW supplemented with vinegar '5% acetic acid'. The diets were provided in a way that a batch of basal diet for each age period was made and then divided into two equal portions, the definite dosage of probiotic added on top of each diet and mixed to make the two dietary treatments. DW was supplemented with three different levels (0%, 1%, and 2%) of vinegar.
Measurements
Performance traits
All birds (pen groups) were weighed at 1, 11, 24, and 42 days of age. The birds have fasted for 4 h prior to being weighed. Dead birds in each pen were recorded once observed to correct the growth performance traits. The growth performance as average daily gain (ADG) and average daily feed intake (ADFI) was recorded and calculated periodically (1-10, 11-24, 25-42, and 1-42 days of age) by pen basis. The feed conversion ratio (FCR) or the amount of feed needed to increase the live weight unit was calculated by dividing the feed intake by weight gain.
Humoral immune response
Sheep red blood cells (SRBCs), as a non-pathogenic antigen, were used for evaluating the humoral immune response of broiler chickens. Ten birds from each treatment were injected with 0.1 mL of 0.5% SRBC suspension into the brachial vein at 28 and 35 days of age, and blood samples were collected at the seventh day of post-inoculation. Subsequently, the micro hemagglutination activity (HA) of serum was estimated and the antibody concentration (log 2 ) measured following the standard procedure (Wegmann and Smithies 1966) .
Cellular immune response
The cell-mediated immune (CMI) response was assessed by measuring the cutaneous basophils hypersensitivity (CBH) response to intra-dermally injection phytohemagglutinin-P (PHA-P) at 42 days of age. The thickness of the web between the third and fourth inter-digital space on the left and right feet was measured with a micrometre. Ten broilers from each treatment were injected with 100 lg of PHA-P suspended in 0.1 mL of phosphate buffered saline (PBS) into the web of right foot, while in each bird the left web (control) was injected with 0.1 mL of PBS. The web swelling of both feet was measured 8, 16, and 24 h after the injection. The response was determined by subtracting the skin thickness of the first measurement from the second and the values of left foot (control) from the right foot (Corrier and Deloach 1990) .
Slaughter and sampling procedures
At the end of the study (42 days of age), 10 birds from each treatment (two bird/pen close to the average pen weight) selected and after 4 h of feed withdrawal but with free access to DW, weighed, slaughtered, plucked, and visceral organs excised to determine the carcase and organs relative weight. Carcass obtained by removing the head, feathers, feet, and visceral organs. After chilling for 24 h at 4 C, carcases were weighed and were cut according to a standardised procedure to determine the meat yield (Tabatabaei et al. 2017) . Carcass, breast, legs, and visceral organ weights were determined by weighing scale (0.001-g, model GF 400; A&D Weighing, San Jose, CA, USA), and calculated meat and organs relative weight (g/100 g of live body weight). A portion (0.5 cm in length) of the small intestine segments (duodenum, jejunum, and ileum) taken from the midpoint, flushed with 0.9% saline to remove the contents and then fixed in 10% neutral buffered formalin solution for histological study. The fixative solution of the tissue samples replaced after 24 h and then samples kept until histologically work.
Intestinal morphology
Tissue samples were taken out from formaldehyde and placed in the automatic processing machine, dehydrated through a series of graded ethanol baths to displace the water, cleared in xylene, and were infiltrated with paraffin. The infiltrated tissue samples embedded in wax blocks. Imbedded tissue samples sectioned at 5 m thickness using an auto microtome. The slides were prepared and processed for staining with Hematoxylin and Eosin (H&E). All chemicals were purchased from Sigma-Aldrich Co. (Sigma-Aldrich Chemical Co, St. Louis, MO).
Micrographs were taken with an Olympus BX41 microscope (Olympus Corporation, Tokyo, Japan) fitted with a digital video camera. The images were analysed using image software. Morphometric measurements were performed on nine villi chosen from each sample. Morphometric indices included were villus height (VH) from the tip of the villus to the crypt, crypt depth (CD) from the base of the villus to the submucosa, villus width (VW; average of VW at one-third and twothirds of the villus) and muscular thickness (MT) from the submucosa to the external layer of the intestine (Ebrahimi et al. 2017) . The villus surface area (VSA) was calculated according to the Formula 1 (Gangali et al. 2015) .
VSA ¼ Villus surface area, VW ¼ villus width, VH ¼ Villus height and p ¼ 3.14.
Statistical analysis
The obtained data were analysed for the main effects of different levels of vinegar added to DW and probiotic added to the diet and for interactions between them. Log 2 transformations were done on blood antibody concentration prior to statistical analysis. The results of the experiment were analysed in a completely randomised design with the factorial method, using statistical software SAS 9.1.3, general linear model (GLM) procedure (SAS 2003) . Mean comparison was done by Duncan test, the results were considered statistically significant when p < .05. To assess the effect of vinegar level, orthogonal contrasts were used. The mathematical model of the statistical design was according to the Formula 2.
where Y ijk ¼ the value of the desired trait, m ¼ total mean, a i ¼ the effect of vinegar level in water, b j ¼ the effect of adding probiotic to the diet, (ab) ij ¼ the interaction between adding vinegar to DW and adding probiotic to the diet and e ijk ¼ test error per observation.
Results and discussion
Performance
As shown in Table 2 , the effects dietary supplementation of probiotic, DW supplemented with vinegar and the interaction between them on ADG were not significant (p > .05). Dietary supplementation of probiotic had a significant effect on ADFI during starter (1-10 days of age) period (p < .02). The interaction effects of adding probiotic to diet with adding vinegar to DW on ADFI and FCR during the starter period were significant (p <.05). The birds fed diet supplemented with probiotic and drank water supplemented with vinegar showed significantly lower ADFI and FCR than the birds fed diet and drunk water without any supplementation. In the birds which drunk water supplemented with vinegar ADFI and FCR significantly decreased contrast those drunk water free additives during the starter and grower period. The results showed that dietary supplementation of probiotic and DW supplemented with vinegar and the interaction between them did not have a significant effect on performance trait during the grower (11-24 days of age), finisher (25-42 days of age), and the whole (1-42 days of age) of growth periods. Total mortality percentage and production efficiency factor (PEF) were 9.08% and 282, respectively and were not significant differences among experimental groups (Table 3) .
The results obtained from this research are in agreement with Yu et al. (2007) that reported, during the growing or finishing periods, the probiotic inclusion did not significantly affect the body weight gain, feed intake, and feed conversion. In contrast, some researchers have a positive assessed from dietary Drinking water supplemented at the levels of 0%, 1% and 2% vinegar with 5% acetic acid concentration/litre of drinking water.
supplementation of probiotic (Samli et al. 2007; Baurhoo et al. 2009 ). These positive effects may influenced by the general characteristics of probiotics, such as the production of lactic acid, the competitive elimination of pathogenic bacteria, and the improvement of the condition of the intestine (Patterson and Burkholder 2003) . The reason for not seeing the positive effects of adding organic acid to a diet or DW on functional parameters in some experiments can be due to the health conditions of rearing and proper feeding of broiler chickens (Hern andez et al. 2006 ). The results of this experiment showed that ADFI reduced by the addition of probiotic to diet during the starter period. Adding probiotics to diet will improve the bioavailability of nutrients and minerals by better solubilising and absorbing (Khaksefidi 2005) , thereby it will be reducing feed intake. Brenes et al. (2003) reported, adding different levels of citric acid from 1.5% to 3.1% to diet decrease the passage velocity of GIT contents and reduce the bird's feed intake (Brenes et al. 2003) . Our results showed that ADFI and FCR reduced by DW supplemented with vinegar, it might be due to the strong taste associated with the organic acids, which would have decreased the bird's appetite, thereby reducing feed intake. The birds that drunk water supplemented with vinegar, FCR significantly decreased than those drunk non-supplemented water. The improvement in feed efficiency could be possibly due to better utilisation of nutrients with organic acids supplementation (Khan and Iqbal 2016) . Although, against to the results of this experiment and the above reports, Yu et al. (2007) reported adding probiotic lactobacillus to broiler diets did not effect on FCR.
Carcass yield
The addition of probiotic to diet and vinegar to DW and the interaction between them did not have a significant effect on carcase yield (Table 3) . Only, DW supplementation of vinegar significantly effect on the abdominal fat percentage (p < .03). Abdominal fat as a percentage of live body weight at 42 days of age in the birds that drunk 1% and 2% vinegar supplemented water was lower than those drunk non-supplemented water (1% and 1.03% vs. 1.59%).
Similar with our results, reported that organic acid has no effect on the carcase yield (Skinner et al. 1991; Leeson et al. 2005; Garcia et al. 2007 ). The result of our experiment show adding vinegar to DW can reduce the accumulation of abdominal fat, similarly, Agboola et al. (2015) reported that dietary supplementation of organic acids, probiotics, and prebiotics can reduce serum cholesterol and abdominal fat of broiler chickens. It is accepted that inhibiting the absorption of dietary fat and fatty acid synthesis, and/or promoting fatty acid b-oxidation reduces abdominal fat deposition by decreasing the size and/or the number Table 3 . Effect of drinking water (DW) supplemented with different levels of vinegar on meat yields, abdominal fat, mortality and the production efficiency factor (PEF) in male broiler chickens fed diets with/without probiotic (Pro.) supplementation. of abdominal adipose cells. The regulation of lipid metabolism to reduce the abdominal fat content based on dietary composition and feeding strategy, as well as elucidating their effects on the key enzymes associated with lipid metabolism, could facilitate the production of lean meat and help to understand the fat-lowering effects of diet and different feeding strategies (Fouad and El-Senousey 2014) .
Immunological response
As presented in Table 4 , dietary supplementation of probiotic and watery supplemented with vinegar had no significant effect on the relative weight of lymphoid organs (p> .05). Dietary supplementation of probiotic significantly (p < .07) increased the primary immune response to SRBC injection, serum IgT and IgM concentration significantly increase in response to the SRBC inoculation but in the second stages it is not significant (p > .05). The interaction effect of dietary supplemented of probiotic and DW supplemented with vinegar on the cellular immune response to PHA-P injection was significant (p < .05).
The ineffectiveness of adding vinegar to DW on lymphoid organs relative weight that observed in our study is consistent with Brisbin et al. (2008) . Against, reported use of organic acids leads to an increase in the number of contributing cells in immune and then increases the bursa of Fabricius weight (Haque et al. 2010) . The adding vinegar to DW and or probiotic to diet significantly increased the thickness of the web between the third and fourth inter-digital space on the left foot that measured within 24 h after PHA-P injection (p <.05). The response to the CBH test by subcutaneous injection of PHA-P is a thymus-dependent response that occurs through T lymphocytes. In other words, this assay used to measure T-cell activity in cellular immunity. The swollen skin caused by the presence of leukocytes and fluid filtration after PHA-P injection. PHA-P binds to glycoproteins and attaches to the surface of T cells. PHA-P stimulates lymphocyte T and produces lymphokine, resulting in increased vascular permeability and leukocytes invading the injection site (Grasman 2010) .
Intestinal morphology
Drinking water supplemented with vinegar lead to an increase in the VH and CD and a decrease in the MT thorough the small intestine, although the values were significant in the duodenum and ileum and in the jejunum segment only MT was significant (p < .03).
Chickens that drunk water contained 2% vinegar had the longer villi, deeper CD and thinner MT than those drunk none supplemented water. Dietary supplementation of probiotic increased CD and decreased MT, but the values were significant for MT in the duodenum and for CD in the ileum segment of small intestine (Table 5 ). Figure 1 shows cross-sections of the duodenum in a chicken at 42 days of age that drunk supplemented water with 2% vinegar compared a bird fed and drunk non-supplemented diet and water. The results obtained from this study showed dietary supplementation of probiotic and DW supplemented with vinegar significantly improved intestinal growth and development. The results of another experiment showed that intestinal morphometric characteristics such as increase the VH and CD following the incorporation of organic acid in the diet have improved (Garcia et al. 2007 ). The length and diameter of the intestinal villi are morphological indexes, each increment leading to an increase in its absorption ability (Markovi c et al. 2009 ). Therefore, this kind of morphological changes induced in the intestine can indicate the effect of growth promoters on changes in the level of intestinal absorption and hence the change in the performance of broiler chickens (Oliveira et al. 2008) . The histological observation of intestinal parts revealed that DW supplemented with vinegar increased the VH of different segments of the small intestine than the birds' drunk non-supplemented water (Table 5) . Increasing the VH suggests an increased surface area capable of greater absorption of available nutrients (Caspary 1992) . Consequently, used of organic acid reduced intestinal colonisation and infectious process, thereby, decreased inflammatory process at the intestinal mucosa, this improved VH and function of secretion, digestion and absorption of nutrients (Khan and Iqbal 2016) .
Results obtained from this experiment indicate by either dietary supplementation of probiotic or DW supplemented with vinegar significantly increase intestinal CD; this reveals an increasing in the epithelial cell turnover. Similarly, Rodr ıguez- Lecompte et al. (2012) reported supplementation of a combined probiotics and organic acids to broiler diets resulted in inconsistent gut morphology associated responses where their effects were more apparent in the duodenum and ileum when the gut is fully developed. Increases in the VH and CD correlated with increased epithelial cell turnover (Fan et al. 1997) . The villus crypt considered as the villus factory, deeper crypts indicate fast tissue turnover to permit renewal of the villus as needed in response to normal sloughing or inflammation from pathogens or their toxins and high demands for tissue (Yason et al. 1987) . Increases in the VH and VH to CD ratio directly correlated with increased epithelial cell turnover, and longer villi are associated with activated cell mitosis (Awad et al. 2009 ).
Conclusions
The current study revealed that broiler chickens DW supplemented with vinegar and dietary supplementation of probiotic improves feed efficiency during 1-10 days of age. No effects of dietary supplementation of probiotic and or DW supplemented with vinegar on relative weights of lymphoid organs, and meat yields found. DW supplemented with vinegar significantly increased VH, CD and decreased small intestine muscular thickness measured at 42 days of age. Another important finding of the present study was the reduction in carcase abdominal fat content by DW supplementation of vinegar. Dietary supplementation of probiotic improved primary immune response to SRBC inoculation. Finally, probiotic, and organic acid might be promising alternatives for to eliminate antibiotic in broiler chicken production.
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